The motion of social insects constitute beautiful examples of adaptive collective dynamics born out of apparent purposeless individual behavior. In this paper we revisit the topic of the ruling laws behind burst of activity in ants. The analysis, done over previously reported data, reconsider the proposed causation arrows, not finding any link between the duration of the ants activity and its moving speed. Secondly, synthetic trajectories created from steps of different ants, demonstrate that an additive stochastic process can explain the previously reported speed shape profile. Finally we show that as more ants enter the nest, the faster they move, which implies a collective property.
INTRODUCTION
The behavior of social insects constitutes beautiful examples of adaptive collective dynamics born out of apparent purposeless individual behavior [1] . The richness of the phenomena offers plenty of opportunities to test theories dedicated to understand fascinating aspects of collective organization and behavior. An emergent issue is to dissect the dynamics that are routed on individual versus those explained by collective forces, (a recent review can be found on Ref. [2] ).
Recent work [3, 4] , for instance, found that ant's bursts of activity moving inside their colony's nest exhibit a power-law relation between the duration of the activity and its average speed. Successive motion events, defined as the segment of data between two consecutive motionless instances, was found to obey a universal speed shape profile. The authors concluded that this predictability implies that the duration of each ant movement is "somehow determined before the movement itself" [4] , thus placing important weight into the individual ant's free will.
In this work we revisit the topic proceeding to analyze the same data sets as in [3] to disambiguate the properties that can be judged as collective from the features that can be potentially due to the insect own independent decisions. A null model is introduced allowing to create synthetic trajectories by adding steps of different ants selected at random. The results of the analysis fail to support the proposed causation arrows between the ants duration of activity and its speed suggested in Ref. [3] and demonstrate the true origin of the universal shape profile of the speed, namely a rather trivial additive stochastic process. Finally we show a novel and distinctive collective effect by which as more ants enter the nest, the faster they move. , after entering the nest from the point marked with a small bar (middle region of the top side). Notice the movements of two of them (ants 03 and 16) which are manifestly correlated.
RESULTS
The results are organized as follows: first we describe the derivation of the map of discrete consecutive speeds from the raw data. This map is used next to define the null model, which is relevant to disambiguate collective from individual ants dynamic. After that, we compare the scaling statistics for both processes: the recorded and null model simulated ants trajectories, including the events' duration, speed, intervals and shape. Finally we describe a novel dependence of speed as a function of the number of ants moving.
Typical ants trajectories are plotted in Figure 1 . [5] [6] [7] [8] .
To compare with previous work [3, 4] , we use similar preprocessing steps. The data was coarse-grained to an average sample interval of 0.8 secs in order to reduce the very small-scale fluctuations an "activity event" was defined using a speed threshold v e = 0.001 mm s −1 , below which it said that the ant is inactive.
Construction of a null model: To shed light on the origin of the ant dynamics we find useful to construct, from the data, the function v (t+1) = f (v (t) ), by plotting consecutive samples of speed. Despite the wide scatter of the data points in Figure 3A , the average f (v (t) ) (circles and continuos line) make evident the correlation between consecutive steps. Thus, the average dynamic of the ants speed dynamics can be, in part, be described by the average map f ; i.e., values larger than * v (arrow) tend, on the average, to decrease (i.e., the average value stays below the identity line). For values of speed smaller than * v there are two tendencies: if the ants is moving then it will speeds up in the next time step. For the case that the ant is not moving, we can't say anything about when it will start moving (although see below); nevertheless, whenever it does it, it will do it with an average speed of the order of The map f in Fig. 3A can be used to test the potential origin of the fluctuations in the ants speed, constructing time series of speeds following a given null hypothesis. Following [3, 4] the variables of interest are the individual bouts of motion, defined by the speed fluctuations of a given ant, starting and ending with immobility (see Methods). For instance, Figure 3B shows a real event (circles and continues line) lasting 20 secs. The other six traces (dashed lines), starting at 4 secs, are stochastic realizations constructed using the map of panel A. Specifically, time series of speeds were computed iteratively: at each step the next speed value v (t+1) is calculated as follows: given a speed v (t) , the next speed is randomly selected from the subset of v (t+1) values corresponding to the bin v (t) − ∆v < v (t) < v (t) + ∆v with ∆v = 0.05 mm/sec). The computed value became the new current speed and the iteration proceeds. It can be seen, in the example, that the trajectories of speeds constructed this way varies both in size and duration. It is important to note that the null model constructed in this way breaks some, but not all, correlations present in the real ants walks, since the map in Figure 3A preserves the average serial correlations in the speed.
As will be discussed later, the stochastic procedure used here shuffles, in a sense, the "brains" of individual ants at each time step, deleting any predetermined individual decision (as argued in [4] ) about how long and fast it would be any given bout of motion. Very different results are observed (see Supp. Info.) if the synthetic realizations were to be made by randomly choosing speeds regardless of their preceding one, as done in Ref. [3] .
Armed with a null model, now we can proceed to analyze the ants data and to compare its statistics with synthetics time series. Of interest here are the "events", which are defined as the bouts of activity starting and finishing on a quiet instance (recall that quiet was defined as any speed below the v e threshold as in [4] ).
First we compute the densities of event's duration T, the event's size S and it mutual relation, which are plotted in Panels A-C in Figure 4 respectively. Overall, the results shows that the null model agrees very well to replicate more than the 95% of the real events, while fails to replicate the empirical probabilities of the longest lasting events (of the order of 1e −4 < P < 1e −2 ). Nevertheless this disagreement might be less important considering that long events are less frequent, and thus, severely under-sampled.
Looking at the scaling relations in Figure 4C , is apparent that the exponents could be consistent with a stochastic process of random uncorrelated variation in speeds ∆v(t + 1) = v(t + 1) − v(t) = ξ(t), which would yield v(T ) ∝ T 0.5 and therefore S(T ) ∝ T 1.5 [12] . However, the fact is that consecutive speed samples of the raw data are correlated, as demonstrated by the average map of Fig. 3A . Because of that, it will be of less interest to consider a second type of null model in which these Shape collapse: The functional relation between the lifetime of an event and its size shown in Figure 4C , observed in both, real and null model, implies that the time series of speed is self-affine [10] . Thus, after appropriate rescaling, an average shape descriptive of the events shall be extracted, as was reported earlier for this data [3] , as well as for human activity [11] . We observe in Figure 5 that equally satisfactory collapse of the trajectories can be obtained in both cases, the null model (top panel) and the raw data (bottom panel). However there is a small, but relevant, difference. While the shape function of the model resembles more to the expected inverted parabola, the one derived from real walks exhibits a plateau. A less noticeable feature, but common to both cases is the presence of a slight asymmetry. These similarities and differences will be discussed later on.
The results so far indicate that the scaling relation and the characteristic shape or the bouts of ant motion are indistinguishable from the results of the null model trajectories in which consecutive speed increments are shuffled at each step among different ants. This similarity is one the main results and clearly goes against the interpretation given in [4] when stating that "ants determine their next move at rest" assigning a role to ants' individual decisions. To remark the contradiction, notice that , other colonies are displayed in the SI As observed previously in Ref [3] , after rescaling, all the events profiles collapse to an universal function that presents a plateau close to the average speed for intermediate time. The same collapse can be observed in the synthetic trajectories, that also display a similar skew (see SI) even if the shape of the curve is less flat.
the null model can be visualized "as if" at each step each ant uses another randomly chosen ant's brain to decide its own next step.
Speed dependency with N: We observed, in most of the colonies, an additional effect concerning the dependency of speed as a function of the number of ants moving. Panel A of Figure 6 shows that as this number increases, the average speed also increases. Specifically, at each time t we count the number n of ants in motion, and we compute their average speed v(t). The quantity v n represents the average speed of moving ants in a moment where n ants are moving. To disambiguate the origin of this dependency, we compared the growth in speed observed for colony C 2 35×28 with the same analysis performed on 20 artificial time-series obtained from our null model. It is seen (Panel B of Figure 6 ) that the speed for the artificial trajectories constructed with the null model is independent from the number of ants moving. In this way we can safely exclude the possibility that it is an artifact related to the larger average speed of longer trajectories, instead the results argue in favor of a effect emergent from the ants interaction. 
DISCUSSION
The main findings can be summarized along three points: First, the similarity between the null model and real ants results takes considerable weight from the previous suggestion indicating that the duration of each ant movement is "somehow determined before the movement itself" [4] . Indeed, at each step of the synthetic data, ant i future speed is determined by the will of another ant j (chosen at random among all active ants) which completely ignores ant i's past history or determination. It is clear that under such conditions any informed decision or determination taken by individual ants is hard to sustain.
Second, despite the similarities, it is shown that the average shapes of the movement events exhibits a small but relevant difference respect to the synthetic data. Figure 5B shows that the shape of the empirical events is no completely parabolic as in Figure 5A , which is expected from a random walk. It is, instead, rather flat. This type of plateau, according with the analytical results of Baldassarri [12] , is expected for a particle executing a random walk on a potential well, in which the restoring "force", depends on the value of v. In simple words, relatively large increments of v are harder for larger absolute values of v, something that make also sense from a biological standpoint. In passing notice that the slight asymmetry is not expected for the fully stochastic memoryless linear process of Ref. [12] .
Third, the analysis unveiled a new observation in this type of data, dubbed here "the more the faster" effect; as more ants are in motion in the arena, the faster they move. This result is clearly a collective property, which is consistent with a number of theoretical ideas on trail formation, where at a certain density of agents directed motion (and subsequent individual' speed increase) emerges [13, 14] .
Overall these results provides a mechanistic explanation for the reported behavioral laws, and suggest a formal way to further study the collective properties in these scenarios.
METHODS
The data re-analyzed here was already described in [3] , and correspond to Temnothorax albipennis ants, which forms small colonies in rock crevices, approximated in the laboratory by a 100×100 mm 2 Petri dish where food and water are available at will. Ant workers were identified by markers with unique combinations of color paint dots. Ants individual trajectories were video recorded within two nest sizes: 35×28 mm 2 and 55 × 44 mm 2 in a randomized order from each of three colonies (labeled C 1 , C 2 and C 3 , and indexed according with the nest sizes used).
The map (Fig. 3A) was constructed by plotting, for all time series, all pairs of consecutive values of speeds v(t), v(t + 1) (dots in Fig. 3A) . Subsequently, values of v(t) were log-binned and its corresponding v(t + 1) averaged (circles in Fig. 3A) . To construct the synthetic speed trajectories of the null model the following iterative procedure was used: 1) A initial value of speed (v(t)) was randomly chosen (same if the value falls below the threshold considered as immobile). 2) The next speed was determined by randomly choosing a v(t + 1) inside the corresponding bin. 3) Such value was then considered as the new v(t) for the new iteration.
DATA ACCESSIBILITY
All data is accesible form the authors upon request. Ants data have been already shared in [3] and is available at doi:10.5523/bris.cmcs6znssfim12zo6zzmur1hq.
